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Northwest Africa (NWA) 1950 is a new member of the lherzolitic shergottite clan of the Martian
meteorites recently found in the Atlas Mountains. The petrological, mineralogical, and geochemical data
are very close to those of the other known lherzolitic shergottites. The meteorite has a cumulate gabbroic
texture and its mineralogy consists of olivine (Fo66 to Fo75), low and high-Ca pyroxenes (En78Fs19Wo2-
En60Fs26W14; En53Fs16Wo31-En45Fs14Wo41), and plagioclase (An57Ab41Or1 to An40Ab57Or3; entirely
converted into maskelynite during intense shock metamorphism). Accessory minerals include phosphates
(merrillite), chromite and spinels, sulfides, and a glass rich in potassium. The oxygen isotopic values lie
on the fractional line defined by the other SNC meteorites (∆17O = 0.312 ‰). The composition of NWA
1950 is very similar to the other lherzolitic shergottites and suggests an origin from the same magmatic
system, or at least crystallization from a close parental melt. Cosmogenic ages indicate an ejection age
similar to those of the other lherzolitic shergottites. The intensity of the shock is similar to that observed
in other shergottites, as shown by the occurrence of small melt pockets containing glass interwoven with
stishovite.
INTRODUCTION
The shergottites, nakhlites, chassignites, and Allan Hills
(ALH) 84001 are igneous rocks believed to have formed on
Mars (e.g., Treiman et al. 2000). These meteorites show a
wide range of petrological characteristics providing clues to
deciphering the magmatic processes that have occurred on
Mars. Among the shergottite sub-group of the Martian
meteorites, the distinction between basaltic, picritic (or
olivine-phyric), and lherzolitic shergottites has been made.
The first two groups represent the most abundant number of
specimens, while only four lherzolitic shergottites have been
described so far: ALH A77005 (McSween et al. 1979), Lewis
Cliff (LEW) 88516 (Gleason et al. 1997; Harvey et al. 1993),
Yamato- (Y-) 793605 (Ikeda, 1997; Mikouchi and Miyamoto,
1996), and Grove Mountains (GRV) 99027 (Hsu et al. 2004).
Lherzolitic shergottites, all collected in Antarctica, are
interpreted as olivine and pyroxene cumulates possibly
formed at depth, while picritic and basaltic shergottites are
interpreted as surface (or subsurface) magmatic products. We
report in this paper a petrological, mineralogical, and
geochemical description of Northwest Africa 1950 (NWA
1950), a new lherzolitic shergottite found in the Atlas
Mountains (Morocco). Two stones weighing 414 and
398 grams were recovered. The characteristics of this new
meteorite will be compared with those of other related
meteorites. 
CHARACTERIZATION TECHNIQUES
We made petrographic observations and quantitative
chemical analyses of the various mineralogical phases on a
polished section. We took backscattered electron (BSE)
images with a JEOL JSM6301-F scanning electron
microscope and measured major and minor chemical element
abundances using a CAMECA SX50 electron microprobe
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located at the research center of IFREMER at Brest. The
analyses were performed at an accelerating voltage of 15 kV,
a probe current of 12 nA and a 1 µm-sized spot.
We determined major- and trace-element concentrations
by inductively coupled plasma-atomic emission spectrometry
(ICP-AES, Brest) and inductively coupled plasma-mass
spectrometry (ICP-MS, Southampton), respectively, using the
procedure described by Cotten et al. (1995) and Barrat et al.
(2000). The accuracy on major- and trace-element
concentrations is better than 5% (probably better than 3% for
all the REEs) based on various standard and sample
duplicates.
Raman spectra were recorded with a Labram
spectrometer equipped with confocal optics and a nitrogen-
cooled CCD detector. We used a microscope to focus the
excitation laser beam (514 nm lines of a spectra physics Ar+
laser) to a 2 µm spot and to collect the Raman signal in the
backscattered direction (Gillet et al. 2000). Collecting times
lasted between 10 to 60 s under small power (2 to 30 mW), to
avoid sample deterioration.
Details of the oxygen 3-isotope analyses are given in
Miller et al (1999). Briefly, 1–2 mg aliquots of powdered
sample were heated with a CO2 laser (10.6 mm) in the
presence of BrF5 to quantitatively liberate the oxygen gas.
Following purification, the gas generated was analyzed on a
PRISM III (VG Micromass, UK) to determine the δ17O and
δ18O values. Analytical precision is typically ±0.08‰ for
δ18O and ±0.024‰ for ∆17O.
NWA 1950: A NEW MARTIAN METEORITE
NWA 1950 can be undoubtedly included in the Martian
meteorite group. Many diagrams or element ratios have been
used to discriminate the various types of basaltic achondrites
(e.g., Treiman et al. 2000). Key element ratios such as Fe*/
Mn (≈47), Na/Al (≈0.28), or Ga/Al (=4.4 × 10−4) indicate that
NWA 1950 is a new member of the Martian meteorites clan.
This conclusion is confirmed by the bulk rock analysis for
oxygen isotopes, which yields δ17O = 2.54‰, δ18O‰ =
4.28‰ and ∆17O = 0.312‰. These values lie on the Martian
mass fractionation line defined by the SNC meteorites
(Franchi et al. 1999), with a δ18O indistinguishable from the
other lherzolitic shergottites (Clayton and Mayeda 1996;
Franchi et al. 1999).
PETROGRAPHY AND MINERAL CHEMISTRY
As already observed on the other lherzolitic shergottites,
freshly sawn surfaces of NWA 1950 show distinct
interpenetrating light and dark greenish regions (Fig. 1). The
meteorite is a plagioclase-bearing ultramafic rock consisting
of olivine (~55 vol%), low and high-Ca pyroxenes
(~35 vol%), and maskelynitized plagioclase (~8 vol%).
Accessory minerals include phosphates (merrillite), chromite
and spinels (inclusions in olivines and pyroxenes), sulfides
(pyrothite), and a glass rich in potassium (Fig. 2). The igneous
texture is very similar to that of the other known lherzolitic
Fig 1. Photograph of a fresh sawn surface of one of the two NWA 1950 stones. As already observed on the other lherzolitic shergottites, NWA
1950 has distinct interpenetrating light and dark greenish regions. The lighter regions are composed of large pyroxenes, while the darker,
interstitial regions contain pyroxenes, olivines, maskelynite, accessory minerals, and small amounts of residual mesostasis. (Image courtesy





























Table 1. Electron microprobe analysis of minerals in NWA 1950. Values are in wt%.
SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O P2O5 NiO Total End-members
Olivine
A 38.42 0.00 0.01 0.84 22.42 0.56 37.86 0.10 0.01 0.00 0.02 0.16 100.43 Fo75.1
B 37.89 0.06 0.04 0.14 26.89 0.29 34.73 0.20 0.00 0.07 0.02 0.00 100.34 Fo69.7
C 36.88 0.00 0.03 0.18 28.81 0.58 33.71 0.20 0.02 0.00 0.00 0.09 100.51 Fo67.6
n = 290 37.53 0.02 0.02 0.08 25.83 0.53 35.47 0.23 0.01 0.01 0.06 99.83 Fo71.0
Low-Ca pyroxene
A 55.50 0.06 0.38 0.36 13.10 0.66 29.55 1.25 0.05 0.00 0.00 0.00 100.93 En78.2Wo2.4Fs19.4
B 52.73 0.43 1.49 0.63 16.77 0.71 21.17 6.61 0.08 0.00 0.00 0.00 100.66 En59.9Wo13.4Fs26.6
n = 149 54.34 0.13 0.52 0.50 14.58 0.52 25.93 2.75 0.05 0.01 0.02 0.03 99.39 En71.9Wo5.5Fs22.7
Augite
A 53.34 0.28 1.43 0.75 9.87 0.62 18.54 15.33 0.19 0.00 0.00 0.00 100.39 En52.8Wo31.4Fs15.8
B 53.16 0.94 1.88 0.98 8.44 0.50 15.22 19.10 0.36 0.06 0.00 0.02 100.68 En45.2Wo40.8Fs14.1
n = 21 52.61 0.38 1.52 0.83 9.27 0.44 17.21 16.79 0.22 0.01 0.01 0.04 99.32 En49.9Wo35.0Fs15.1
Maskelynite
A 54.22 0.05 27.33 0.00 0.52 0.04 0.08 11.49 4.53 0.16 0.02 0.00 98.43 Ab41.2An57.8Or1.0
B 58.17 0.12 24.89 0.00 0.56 0.05 0.10 8.48 6.10 0.41 0.00 0.00 98.89 Ab55.2An42.4Or2.4
n = 47 54.91 0.10 26.42 0.04 0.79 0.04 0.58 10.44 5.04 0.22 0.07 0.01 98.67 Ab46.0An52.7Or1.3
K-rich phase
A 64.37 0.47 19.56 0.02 1.04 0.05 0.30 2.19 3.23 5.54 0.41 0.00 97.201
B 72.45 0.48 16.20 0.02 1.47 0.02 0.18 1.08 2.96 5.23 0.24 0.00 100.43
n = 13 68.30 0.45 18.14 0.07 0.94 0.03 0.22 1.77 3.05 4.71 0.52 0.02 98.23
Oxides
A 0.00 13.88 5.23 29.39 44.84 0.76 3.63 0.00 0.00 0.00 0.01 0.04 97.77
B 0.00 0.76 5.07 60.77 26.14 0.49 5.29 0.01 0.00 0.01 0.00 0.05 98.61
Ilmenite n = 3 0.14 52.92 0.02 1.08 40.20 0.85 4.51 0.17 0.00 0.01 0.03 0.02 99.95
Merrillite n = 4 0.05 0.03 0.00 0.04 1.00 0.08 3.41 47.14 1.76 0.02 46.94 0.01 100.55
S Si Mn Fe Co Ni Cu Zn Total
Sulfide
A 37.90 0.00 0.00 60.86 0.07 0.28 0.00 0.16 99.27
B 35.57 0.02 0.02 44.92 0.76 15.73 0.32 0.00 97.33
n = 16 36.52 0.03 0.03 55.29 0.18 4.60 1.25 0.04 97.93
A, B, C: individual analyses; n = number of analyses and mean value.
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shergottites. NWA 1950 displays poikilitic and non-poikilitic
areas. In poikilitic areas, large (up to 6 mm) low-Ca pyroxene
crystals are observed, and they contain large euhedral olivines
and chromites. In the non-poikilitic regions, associations of
augitic-pyroxenes (enclosing euhedral olivine), pigeonite,
maskelynite are found as well as numerous accessory
minerals including chromite, ilmenite, sulfides, phosphates,
and K-rich interstitial phase (Fig. 2). Based on textural
observations, the following crystallization sequence can be
inferred: chromite, olivine, pyroxenes + plagioclase +
interstitial phases (phosphate, sulfide, ilmenite, K-rich
phase).
Olivine
The chemical composition of olivine is homogeneous
within each grain, but varies from grain to grain and covers
the range Fo66 to Fo75 (Table 1 and Fig. 3). No magmatic
inclusions were observed in the studied section. Many grains
are anhedral. The FeO*/MnO ratio is 50.53 ± 10.21 and lies
on the typical trend defined by the SNC olivines (Karner et al.
2003).
Pyroxenes
Low-Ca pyroxenes have composition varying between
En78Fs19Wo2 and En60Fs26W14. They show chemical zoning
Fig 2. Backscattered electron images of a polished section of NWA 1950. a) A general view of the texture of the rock: light grey: olivine; dark
grey: pyroxenes; white: chromites. b) A detailed map of the Mg content of the different minerals: red: olivine (Ol); green: high-Ca pyroxene;
orange: low-Ca pyroxene; black: maskelynite (Msk); blue: chromites (Cr). c) A detailed view of a small zone with interstitial residual melt:
K-rich phase (K-rich), pyroxene (Px), phosphate (Phos), maskelynite (Msk). d) A view of the fusion crust showing small, needle-shaped,
recrystallized minerals. 
Fig 3. Composition diagram for pyroxene and olivine in NWA 1950
(full circles). The range of values for the ALH 77005 meteorite are
also shown for comparison (McSween et al. 1979; Treiman et al.
1994).
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from high-mg and low-Ca cores to mg-rich pigeonite (Table 1
and Fig. 3). The FeO*/MnO ratio is 29.6 ± 6.8. High-Ca
pyroxenes observed in both poikilitic and non-poikilitic areas
are zoned with chemical compositions ranging from sub-
calcic augite to Ca-rich augite (En53Fs16Wo31- En45Fs14Wo41,
respectively) (Table 1 and Fig. 3). Augite is in contact with
pigeonite indicating co-crystallization. The FeO*/MnO ratio
is 28.2 ± 6.7, which is in agreement with pyroxenes observed
in other Martian meteorites (Papike 1996; Papike et al. 2003).
Maskelynite
Former plagioclases are present as pseudomorphs and
have been entirely transformed into maskelynite during shock
as demonstrated by their Raman spectra characteristics of a
plagioclase glass (Table 1 and Fig. 4). They are normally
zoned with compositions ranging from An57Ab41Or1 to
An40Ab57Or3. Their mean FeO content is 0.4 wt% and can
locally reach 0.95 wt%.
Spinels
Chromites with sizes ranging between 20 and 100 µm are
present as euhedral grains in olivines and pyroxenes, and are
also observed as interstitial grains. They are strongly zoned
and their compositions vary from Cr-rich cores to Fe/Al/Ti-
rich rims as already reported in the other lherzolitic
shergottites (Goodrich et al. 2003) (Table 1 and Fig. 5). Two
chemical trends are present. Trend 1 corresponds to a nearly
pure Cr-Al variation (from Cr87Sp10Uv3 to Cr77Sp19Uv4), as
expected for the evolution of chromite for a fractional
crystallization in a closed system. The second trend is
characterized by a continuous increase in the ulvöspinel
content (from Cr87Sp10Uv3 to Cr49Sp13Uv38). The absence of
the expected stability gap between chromite and ulvöspinel
observed in NWA 1950 may reflect a post-crystallization re-
equilibration by diffusion as already proposed in the case of
ALH A77005 (Goodrich et al. 2003). 
Other Accessory Phases
Pyrrhotite is the dominant sulfide. The high Ni-content
(up to 16%) of the crystals is related to the exsolution of
pentlandite (Table 1). Zones enriched in Cu (up to 11%) are
also observed within the sulfides.
A K-rich phase has been observed as an interstitial phase
between olivine and augite. The composition is clearly non-
feldspathic (Table 1). It could correspond to the K- and Na-
rich glass reported in Y-793605 by Ikeda (Ikeda 1997). The
interstitial occurrence of this phase suggests a late residual
origin.
Phosphates are rare, often small, and frequently
Fig 4. Compositional range of the maskelynite in NWA 1950 (full circles). For comparison, the range of values for the Y-793605 meteorite is
shown (Ikeda 1997).
Fig 5. Cr-Al-2Ti + Fe3+ plot (atomic%) of chromite in NWA 1950.
See text for details.
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associated with the K-rich phase in the interstices. They
correspond to a merrillite poor in F and Cl (Table 1). One
apatite grain has been identified in the studied section by
Raman spectroscopy (Table 1). 
FeTiO3 ilmenites with MgO content up to 4.7 wt% are
usually associated with the interstitial K-rich phase (Table 1).
CHEMISTRY
A 326 mg interior fragment of the main mass of stone 1
was finely ground using a sapphire mortar and pestle, and was
used to determine the major- and trace-element abundances.
The results, along with the composition of the fusion crust,
are given in Table 2. NWA 1950 is an ultramafic rock, which
contains only limited amounts of Al, Ca, Na, K. The
composition of the fragment is very similar to that of the
fusion crust: only Cr2O3, CaO, and MgO contents are
different, suggesting that the analyzed fusion crust formed
from an area containing slightly less chromite and more
augite than this fragment. The bulk composition of NWA
1950 is close to those of the other lherzolitic shergottites
(Table 2 and Fig. 6). These rocks are notoriously
heterogeneous and small samples, such as the fragment we
have analyzed, cannot be seen as perfectly representative of
the whole meteorite. The higher Al2O3, Na2O and P2O5
abundances displayed by our analysis of NWA 1950 in
comparison with the published results for LEW 88516, ALH
A77005, or Y-793605 (Table 2) should not be
overemphasized. They indicate only that our sample contains
slightly more maskelynitized plagioclase and phosphate than
the allocations of other lherzolitic shergottites analyzed by
Dreibus et al. (1992) or Warren et al. (1999). Furthermore, the
key element ratios such as Fe/Mn (47), Al/Ti (6.5), Na/Ti
(1.82), Ga/Al (4.4 × 10−4) and Na/Al (0.28) are typical of
Martian meteorites (McSween 1994; Treiman 2003; Wänke
and Dreibus 1988).
Unlike many hot desert finds, NWA 1950 has not been
severely weathered during its exposure at the Earth’s surface.
The only trace of terrestrial weathering consists of calcite
filling small fractures that run through the sample. The
chemical composition of NWA 1950 lacks the well-known
chemical fingerprints of Saharan alteration: it has a chondritic
Th/U ratio (=4.36) and lacks positive Ce-anomaly (Ce/Ce* =
0.97) or spurious light-REE (LREE) enrichments as observed
in the weathered shergottites Dhofar 019 and Dar al Gani
(DaG) 476, the Tatahouine diogenite, or the NWA 047 eucrite
(Barrat et al. 2001; Barrat et al. 1999; Barrat et al. 2003).
Furthermore, weathered hot desert finds often display strong
enrichments in Pb, Sr, and Ba, which are sensitive indicators
of terrestrial alteration (e.g., Barrat et al. 2003; Crozaz et al.
2003 and references therein). This is not observed in NWA
1950: this meteorite contains only 84 ng/g of Pb; the Sr/Nd or
Ba/Sm ratios are similar to the values measured by other
teams on various aliquots of the other lherzolitic shergottites
found in Antarctica [e.g., Dreibus et al. 1992; Warren et al.
1999]). 
Similar to other lherzolitic shergottites (Table 2), NWA
1950 is rich in compatible elements (Ni, Cr, Co). Furthermore,
despite elevated abundances of P, LREE, and other lithophile
elements (such as Zr, Nb, Hf, Ta, Th, U), which indicate a
higher proportion of intercumulus phases (in particular,
plagioclase and phosphates) in NWA 1950, the resemblances
between NWA 1950 and the other lherzolitic shergottites are
obvious, as shown by their REE patterns (Fig. 6). 
The strong compositional similarity between NWA 1950
and the other lherzolitic shergottites is impressive and
suggests that they were derived from the same magmatic
system, or at least that they crystallized from the same kind of
parental melt. The determination of the composition of the
magmas in equilibrium with cumulates is a difficult task, but
in the case of lherzolitic shergottites, the melt fraction trapped
between the cumulative olivines clearly governs the
incompatible element abundances of the system. Indeed, the
incompatible trace-element patterns of the bulk rocks are
certainly very similar to those of their parental melts. It can be
pointed out that the trace-element patterns of the lherzolitic
shergottites and the basaltic shergottite NWA 480/1460 are
parallel (Fig. 7). Because NWA 1460 is significantly older
than all already dated lherzolitic shergottites (the Rb/Sr age is
312 Ma ± 3 for NWA 1460, while it is about 180 Ma for
lherzolitic shergottites; e.g., Borg et al. 2003; Nyquist et al.
2004), these rocks are definitely not directly linked. At the
very most, it can be proposed that the resemblances between
NWA 480/1460 and the lherzolitic shergottites indicate that
they shared very similar parental melts. 
The occurrence in NWA 1950 of co-crystallizing spinel-
olivine-pyroxene assemblages enables the use of the
oxybarometer developed by Wood et al. (1991) for spinel
Fig 6. Bulk CI-normalized element contents of NWA 1950 compared
to other lherzolitic shergottites and NWA 480, a basaltic shergottite.
Data are from Dreibus et al. (1992) for LEW 88516 and ALH
A77005, from Warren et al. (1999) for Y-793605, and from Barrat et
al. (2002) for NWA 480.
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Table 2. Major and trace element abundances in NWA 1950 compared to three other lherzolitic shergottites.
 NWA 1950 ALH A77005a LEW 88516a Y-793605b
Fusion crust Whole rock
SiO2 (wt%) 43.97 43.08 45.5 45.35
TiO2 0.56 0.55 0.44 0.42 0.35
Al2O3 4.02 4.02 2.59 2.99 2.32
Cr2O3 0.33 0.94 0.96 0.829 1.01
FeO* 21.77 21.65 19.95 19.49 19.68
MnO 0.52 0.46 0.44 0.47 0.48
MgO 20.87 25.06 27.69 25.66 26.20
CaO 5.13 4.09 3.35 4.06 4.06
Na2O 0.82 0.81 0.44 0.49 0.35
K2O 0.02 <0.1 0.027 0.024 0.025
P2O5 0.70 0.65 0.36 0.39
Co (ppm) 71 69.5 62.7 72
Ni 306 370 250 280
Cu 7.6 4.4 <80
Zn 48.8 71 70 51
Ga 9.3 7.5 8.4 6.8
Rb 0.78 0.75 0.83
Sr 21.5 14.1 14.7
Y 9.61 6.18 5.69
Zr 26.0 19.5 17.2
Nb 1.12 0.57 0.51
Cs 0.041 0.037 0.041
Ba 9.94 4.64 4.93
La 0.586 0.37 0.31 0.29
Ce 1.51 1.00 0.87 0.84
Pr 0.240
Nd 1.34 0.8 0.82
Sm 0.739 0.47 0.47 0.45
Eu 0.343 0.22 0.23 0.206
Gd 1.37
Tb 0.261 0.16 0.16 0.168
Dy 1.77 1.10 1.10
Ho 0.367 0.25 0.24
Er 0.984
Tm 0.141 0.094 0.089
Yb 0.810 0.52 0.57 0.56
Lu 0.120 0.076 0.083 0.08
Hf 0.82 0.57 0.53 0.51
Ta 0.064 0.026
W 0.119 0.084 0.14
Pb 0.084
Th 0.083 0.053 0.04
U 0.019 0.012 0.011
Fe/Mn 47.24 45.51 41.62 41.15
Al/Ti 6.45 5.20 6.29 5.85
Na/Ti 1.82 1.24 1.44 1.24
Na/Al 0.28 0.24 0.23 0.21
Ga/Al (×104) 4.4 5.5 5.3 5.5
aDreibus et al. (1992).
bWarren et al. (1999).
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peridotite. The temperature of the olivine-spinel equilibration
was estimated with the thermometer developed by Sack and
Ghiorso (1991a) and the activity of magnetite in chromite was
determined with the MELTS supplemental code (Sack and
Ghiorso 1991a, 1991b). The calculated oxygen fugacity for
NWA 1950 is –3.5 ± 0.5, a result that is within the range for
Martian meteorites (Herd et al. 2002). This value is one order
of magnitude below the value estimated for other lherzolitic
shergottites, ALH A77005 (QFM –2.6 ± 0.5, Goodrich et al.
2003), but the uncertainty is high (± 0.5). 
COSMOGENIC AGES
For the determination of cosmic-ray exposure (CRE)
ages, a bulk rock aliquot of 2.38 mg was degassed overnight
at 120 °C under high vacuum and melted with a defocused
CO2 laser in a single step. Helium, neon, and argon
abundances and isotopic compositions were analyzed by
static mass spectrometry (Table 3). The analytical details are
given in Mathew et al. (2003). During the course of these
analyses, the mass spectrometer source settings were adapted
to the analysis of heavy noble gases, resulting in the loss of
sensitivity for helium and, consequently, large analytical
uncertainty on its isotopic ratio (Table 3). For the
identification of trapped and cosmogenic Ne, the following
values were adopted: (20Ne/22Ne)t = 10.6, (
21Ne/22Ne)t = 0.03,
and (0Ne/22Ne)c = 0.80, (
21Ne/22Ne)c = 0.71. The choice of the
trapped component values has little bearing on computed ages
since the data are very close to the cosmogenic end-member
(20Ne/22Ne)sample = 1.01 ± 0.05, (
21Ne/22Ne)sample = 0.708 ±
0.033). 3He was assumed to be entirely cosmogenic since
observed 3He/4He ratios are two orders of magnitude higher
than the solar value. 
The very high (22Ne/21Ne)c value of 1.38 suggests NWA
1950 was an insignificantly shielded meteoroid, and may
indicate some contribution by solar cosmic rays (SCR) in
Table 3. Rare gas isotopic data used for the determination of the cosmic-ray exposure ages of NWA 1950 (see text for 
details of the method). The sample’s mass was 2.38 mg.
4He (mol/g) 3He/4He 3Hec T3He (Ma)
1.14 10−11 ± 3.0 10−12 0.336 ± 0.195 3.82 10−12 5.3 ± 3.0
20Ne (mol/g) 20Ne/22Ne 21Ne/22Ne 21Nec (
22Ne/21Ne)c T21Ne (Ma)
4.64 10−13 ± 1.88 10−14 1.01 ± 0.05 0.708 ± 0.033 3.26 10−13 138 ± 3.5 3.5 ± 0.8
36Ar (mol/g) 40Ar/36Ar 38Ar/36Ar 38Arc T38Ar (Ma)
7.49 10−14 ±  2.34 10−15 591 ± 18 0.715 ± 0.028 4.47 10−14 2.3 ± 1.0
Fig 7. Bulk REE pattern of NWA 1950 compared to those of LEW
88516, ALH A77005 (Shih et al. 1982), Y-793605 (Warren et al.
1999), and NWA 480 (Barrat et al. 2002). The reference chondrite is
from Evensen (1978).
Fig 8. Raman spectra of phases typical of the shock-induced
transformations in NWA 1950: spectrum of a stishovite aggregate
located in a melt pocket; spectrum of a maskelynite; spectrum of a
heavily deformed olivine showing broad bands and an additional
peak near 750 cm−1 suggesting the presence of Si-O-Si bridges
characteristic of wadsleyite. Reference spectrum of an undeformed
olivine from San Carlos. 
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addition to galactic cosmic rays (GCR) spallation component.
The cosmogenic production rates of 3He, 21Ne, and 38Ar were
calculated following the method of Eugster and Michel
(1995). The method computes production rates for moderate
shielding depth and apply to the result a moderation factor
computed using the (22Ne/21Ne)c value. Eugster and Michel
(1995) did not specify a moderation for 38Ar production in
achondrites, arguing that the dependency of 38Ar production
is negligible, which is in contrast to the conclusions of Cressy
and Michel (1976) and Eugster (1988), who proposed
essentially similar shielding corrections. Since the (22Ne/
21Ne)c value of the present sample is high, we corrected the
38Ar production for shielding using the correction equation
given by Eugster (1988).
The calculated CRE ages as obtained by various
chronometers (Table 3) spread over a significant time
interval; 2.3 ± 1.0 Ma for 38Arc, 3.5 ± 0.8 Ma for 
21Nec, and
5.3 ± 3.0 Ma for 3Hec. These CRE ages cover in fact those
reported for other lherzolitic shergottites (2.5–3.4 Ma for
ALH 77005, 3.0–4.1 Ma for LEW 88516, 3.9–5.4 Ma for Y-
7936605, with two different CRE noble gas ages reported for
the latter in the same study (see Meyer [2004] and references
therein). The reason for such a spread is unclear and, in the
case of NWA 1950, could be the result of its high (22Ne/21Ne)c
value leading to drastic adjustments in the correction
procedure, or to a complex exposure history involving for
example SRC. Such a complex exposure history, if real, will
necessitate further detailed noble gas studies on separated
mineral phases. 
SHOCK FEATURES
NWA 1950 has been extensively shocked. All the
plagioclases have been converted to maskelynite, as
demonstrated by their Raman spectra (Fig. 8). Olivine and
pyroxene crystals are intensively fractured, as observed in the
other lherzolitic shergottites. Some olivine crystals display
Raman spectra with broadened bands indicating intense
lattice distortion (Fig. 8). In some areas, these heavily
distorted olivine crystals show an additional Raman band near
750 cm−1 (Fig. 9) suggesting the local formation of Si-O-Si
bridges as in (Mg,Fe)2SiO4-wadsleyite, the high-pressure
polymorph of olivine (Gillet et al. 2002). Small shock-
induced melt pockets are also present. In some of these,
aggregates of SiO2-stishovite embedded in glass have been
identified by their Raman spectra (Fig. 8). The presence of
stishovite in melt pockets or in association with maskelynite
seems to be a characteristic and widespread feature of shock
metamorphism in shergottites (Jambon et al. 2002; Beck et al.
2004; El Goresy, Forthcoming).
CONCLUSIONS
We have performed the most general characterization of
the NWA 1950 meteorite. This stone is very similar to other
described lherzolitic shergottites from a petrographic point of
view. The geochemical characteristics as well as the shock
features are also very close to those of the other lherzolitic
shergottites, which suggests an origin from the same area of
the Martian subsurface. 
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